Abstract. There are two new proton accelerator projects being considered in India. One is a 20 MeV, 30 mA, front end of a proton linac driver for nuclear transmutation applications. The second is a 1 GeV, 100 kW rapid cycling synchrotron for a spallation neutron source. We present the current design status of both these projects.
INTRODUCTION
India has a rapidly growing activity in accelerators and beams. The largest accelerator centre in India is the Centre for Advanced Technology (CAT) at Indore. The main focus at CAT is on light sources: a presently operating 450 MeV VUV source, INDUS1, and a 2.5 GeV third-generation source, INDUS2, which will be ready for commissioning in 2005. Other activities include: photoinjectors, terahertz free-electron laser, laser-plasma acceleration and low-energy accelerators for medical and industrial applications. The Bhabha Atomic Research Centre (BARC) at Mumbai has a smaller accelerator effort, focused on industrial accelerators and tandem machines. The Variable Energy Cyclotron Centre (VECC) at Kolkata operates a variable-energy cyclotron. They are constructing a K-500 superconducting cyclotron, to be commissioned in 2005, and a radioactive ion beam facility.
There are two new proton accelerator projects under consideration in India. One is a 20 MeV, 30 mA, front-end for a 1 GeV proton linac driver for nuclear transmutation. The second is a 1 GeV, 100 kW spallation neutron source. In this paper we describe the basic design of the two projects, current status and future plans.
THE ADS PROTON DRIVER PROJECT
In India, as in the rest of the world, Accelerator Driven Subsystems (ADS) are seen as a possible solution to the problem of treating nuclear wastes. In 2000 an ADS Coordination Committee was constituted at BARC to study various scientific and technological issues connected with the development and application of such systems in the country, and to prepare a longterm roadmap. The Committee's findings were published in 2001 [1] . As a follow up to this report, a project for physics studies and technology development of ADS sub systems has been initiated in BARC during the X th Five Year plan (2002-07). One component of the activities involves developing superconducting RF technology for both low-beta and high-beta proton accelerating structures. The other major component is the development of a 20 MeV, 30 mA, front-end for a 1 GeV cw proton linac. Here we discuss the latter project. The physics design of the linac is now available as a report [2] .
Design Overview
We have taken a conservative approach towards the design of the 20 MeV linac, that doesn't overly push our present technological capabilities in accelerators:
(i) We chose to design a normal-conducting linac, since going superconducting is less critical at lower energies, and it would be impractical to wait for the superconducting technology to be mastered.
(ii) We chose an RFQ frequency of 350 MHz, which is a standard frequency at which RF sources are easily available globally, from multiple vendors. (iii) We chose, after much debate, an RFQ energy of 3 MeV, which is a little on the low side. Space-charge considerations favour a higher energy, but with our lower current (30 mA), we felt that these were overweighed by mechanical and other considerations that favour a shorter, and hence lower energy, RFQ. (iv) We chose to go with conventional DTL structures. CCDTL was another option, but at the lower energy focusing is an issue, and having quadrupoles within each drift-tube would be an advantage. Also, at energies up to 20 MeV DTLs have a shunt-impedance up to twice as much as that of CCDTLs. The Accelerator & Pulsed Power Division, BARC, is developing the 50 keV, 60 mA ECR ion source. It consists of a 2.45 GHz, 2 kW, magnetron as the microwave source, a cylindrical plasma chamber with ceramic window, two solenoids that can be controlled independently to generate a desirable magnetic field distribution, and a five-electrode extractor assembly. The microwave power is finally coupled to the plasma through three sections of a ridged waveguide. The ionsource has been designed to deliver an emittance of 0.2π mm-mrad.
The Low Energy Beam Transport (LEBT) line was designed using both TRACE2D and TRANS1 in PARMTEQM. It is a two-solenoid design, with a total length of 1.85 m. The solenoids are each 30 cm long. Space-charge compensation of 95% needs to be assumed to ensure no emittance growth in the LEBT.
We have chosen to build a four-vane, 350 MHz, 3 MeV, 30 mA (cw) RFQ, whose main parameters are summarized in Table 1 . The RF simulations were performed using SUPERFISH and MAFIA, and the beam dynamics simulations with PARMTEQM. Details are given in the next section. The 0.7 m long Medium Energy Beam Transport (MEBT) line was designed using TRACE3D and TRANS2 of PARMTEQM. To match the beam from the RFQ to the DTL with 100% transmission it uses four quadrupoles (effective length 50 mm each) and a rebuncher cavity. The effective voltage seen by the particle in the RF gap is around 200 kV.
The DTL has been designed to accelerate the 3 MeV, 30 mA, beam from the RFQ to 20 MeV. Simulations were done using PARMILA. The main parameters of the DTL are given in Table 2 , and simulation details are given later below. 
Details of the RFQ Design
We have done fairly detailed simulations of the RFQ, including electromagnetic simulations using SUPERFISH and MAFIA, beam dynamics simulations and error studies using PARMTEQM, and thermal and structural calculations using ANSYS. In this section we present a few of these results.
After many iterations with SUPERFISH we converged to the set of geometrical parameters given in Table 3 . With this geometry SUPERFISH gave the desired resonant frequency of 350 MHz. Note that we plan to keep a constant transverse radius of curvature: this is to make the mechanical fabrication a little easier. The maximum electric field is 32.8 MV/m, which is around 1.8 Kilpatrick. Our present plan is to build the RFQ in four individual segments. In order to improve longitudinal stability these segments will be resonantly coupled together. We studied the design of the coupling cell in MAFIA, the model of which is shown in Fig. 2 . On optimization to get the right resonant frequency, the coupling cell parameters were: overhang height = 60 mm, undercut length = 35.5 mm, width of coupling plate = 20 mm, inner radius of coupling plate = 70 mm, outer radius of coupling plate = 100 mm. We have also used MAFIA to design the beginning and end cells of the RFQ.
We have performed detailed beam dynamics simulations using PARMTEQM. Fig. 3 shows the evolution of the beam size and energy spread down the RFQ. The transmission through the RFQ is 97%, and most of the beam is lost at the end of the gentle buncher. Fig. 4 summarizes the variation of the RFQ parameters. The total power dissipated in the RFQ is around 340 kW. We have also performed detailed studies of influence of errors in the performance of the RFQ, especially from the point of view of beam transmission, since there are stringent constraints on beam loss in an ADS linac. We looked at the influence of a number of parameters, including off-axis injection, beam tilt, energy spread, vane voltage variation, etc. These studies gave upper limits on the required tolerances. However an analysis of the combined errors would result in tighter tolerances. Taking this into account, we specify tolerances on the alignment, power-supplies, etc., as follows: (i) tolerances on alignment of the RFQ = 50 µm & 5 mrad; (ii) tolerance on energy of incoming proton beam = 0.5 keV; (iii) stability of ion source & RFQ power-supplies < 1%; (iv) tolerance on energy-spread of beam from ion-source 1%.
Presently we are finalizing details of other subsystems such as RF, vacuum, etc. Simultaneously we have initiated some mechanical fabrication at BARC, to familiarize ourselves with the issues involved in fabrication and brazing. We are also initiating action for building an aluminum prototype for cold tests.
Details of the DTL Design
We used SUPERFISH to generate the DTL geometry, for 350 MHz, using the optimized parameters from Table 2 . The output parameters are given in Table 4 . Beam dynamics simulations were done using PARMILA. Detailed studies were performed to evolve an optimized design. We assumed a FODO lattice. Output parameters are given in Table 5 . Figure 5 shows the phase-space at the output of the DTL. 
THE SNS PROJECT
To complement the existing light sources, INDUS1 and INDUS2, we are looking at the possibility of building an Indian Spallation Neutron Source (ISNS) at CAT. This will consist of a 100 MeV injector linac and a 1 GeV rapid cycling synchrotron, with an average proton beam power of 100 kW. A schematic of the proposed facility is shown in Fig. 6 . We are in an early stage of a feasibility study, and a few of the broad design details are given here. 
The Linac Injector
We will use an RF driven multi-cusp H -ion source, with a beam energy of 50 keV, pulsed current of 50 mA, pulse width of 500 µs, and a repetition rate of 25 Hz. The RF will be at a frequency of 13.6 MHz, and the power required will be over 30 kW. The design emittance (RMS, normalized) is 0.14π mm-mrad.
We will build a four-vane RFQ, whose major parameters are given in Table 6 . Beam dynamics simulations have been done using PARMTEQM. One of the features of the RFQ design is that we have tried to keep open the option of operating the RFQ in CW mode. For this reason the vane voltage is low, to keep the power loss below 1 kW/cm. With optimized parameters the transmission efficiency is around 96%. We will use DTL structures to accelerate the beam from 4.5 MeV to 100 MeV, over 7 tanks, and a total length of around 72 m in 327 cells. We have considered a FODO lattice. The average gradient is around 2 MV/m. The tank diameters vary from 52-48 cm, the drift-tube diameter from 14-12 cm, and the bore diameter is 2 cm.
The Rapid-Cycling Synchrotron The RCS being considered has a FODO lattice with a circumference of 214.4 m with 4-fold periodicity and 24 cells. There will be 24 dipoles, 48 quadrupoles and 16 sextupoles. There will be around 2.5x10 13 protons per pulse. The synchrotron will operate at a repetition rate of 25 Hz, and with an average current of 100 µA.
The revolution frequencies at injection and 1 GeV will be 0.69 MHz and 1.41 MHz respectively. A harmonic number of 2 is selected making the RF frequency 1.38 MHz at injection and 2.82 MHz at 1 GeV. The total RF power to be given to the proton beam to accelerate it from 100 MeV to 1 GeV in about 20 ms will be about 340 kW. This will be done using six cavities.
We would like to emphasize that the ISNS is very much in the conceptual stage, and detailed studies are still underway.
CONCLUSION
Two new proton accelerator projects are being studied in India. One is a 20 MeV, 30 mA front-end for a proton driver for ADS. The other is a 1 GeV, 100 kW, RCS-based spallation neutron source. The two are under various stages of design and implementation. A noteworthy feature of both projects is that most of the hardware will be built in India. These projects are ambitious and we look forward to collaborations with the international community in their execution.
